Haldane's prediction [I] of a gap in the spectrum of integer spin quantum ~e i i e n b e r~ 1-D antiferromagnets remains a subject of theoretical interest. The experimental observation of a Haldane gap in a 1-D spin (S) = 1 antiferromagnet was first reported by Buyers et al. [2] for CsNiC13 and has been confirmed by Steiner et al. [3] .
Theoretically, the excitation spectrum of the S = 1 Heisenberg chain features a disordered nondegenerate singlet ground state and a gap to a triplet branch, known as the Haldane mode; the gap achieves its minimum at the magnetic zone center (Q = n). Since the ground state has no broken symmetry, the spectrum should not reflect the n periodicity of antiferromagnets in which N&l order is present. The recent discovery of an isotropic Heisenberg-like S = 1 system with an exactly solvable ground state [4, 51 has strengthened these conclusions.
The symmetry of spin waves was determined by a polarized neutron scattering experiment. A magnetic field in the vertical (9) direction was applied along [ilO] to obtain a single domain specimen below the NBel temperature (4.4 K) with canting entirely in the horizontal (xz) plane. Constant-Q scans performed near the magnetic zone centre (0.2, 0.2, 1) are shown in figure 1. At 1.5 K, two magnon branches with frequencies 0.29 THz and 0.33 THz can be seen in the non-spin-flip (NSF) and the spin-flip (SF) channels respectively corresponding to (SYS') and (SxSx) + (SzS") modes. A similar scan with very high counting statistics at (113, 113, 1.03) clearly revealed a third branch with a frequency of 0.27 THz in the SF channel. The frequencies of alI three branches at (113 113 1.03) are in good agreement with the linear spin wave calculations [6] . The symmetry of the third branch, however, disagrees with the calculations which predict it to be a pure (SySY) mode. Steiner et al. [3] have already reported this disagreement. Although it is possible to obtain magnon dispersion curves with the observed symmetries, the very large single site anisotropy required (D = 0.039 THz) is inconsistent the excitation is unpolarized. From this observation we reach the important conclusion that the Haldane gap excitations correspond to a transition between a singlet ground state and a triplet excited state. The singlet follows because we have shown earlier that there is no quasielastic scattering. The triplet excited state is then deduced from the fact that the Haldane gap mode is unpolarized. Note that it is not possible to obtain a triplet excited state with any conventional sitebased spin wave model. . There is an isolated triplet excitation which at Q = a achieves its minimum energy, but remains sharp throughout the region a < Q 5 3a/2; at Q = 3a/2, it merges into a twemagnon continuum and becomes damped. As Q approaches 2a, the nuclear zone centre, the bottom of the two-magnon continuum f d s to a value 2A, twice the Haldane gap energy. The exact first and second moments of the dynamic structure factor have been evaluated in reference [5] : are not periodic in Q -+ Q + a, reflecting the unbroken symmetry of the ground state. Both WQ and are thus expected to keep increasing beyond the magnetic zone boundary and tend to a maximum at the nuclear zone center (q = 2). It should be emphasized that in the region where the Haldane mode is sharp, the second moment r$ is nonzero due to contributions from higher lying excited states separated by a second gap from the elementary Haldane magnon, and is not reflecting any intrinsic width to that mode. For Q > 3a/2, the second moment may be interpreted as a true width of a triplet resonance.
To test these predictions we have extended our neutron scattering measurements into the nuclear zone. Constant-Q scans were taken at (1/2, 1/2, q) positions, to avoid phonons, and the observed frequencies are shown in figure 2 . The excitations were verified as magnetic by comparison with scans at higher Q. The broken line of figure 2 shows the first moment of the VBS spectrum, equation (2) fitted to 1.46 THz at q = 1.5. While the widths do increase monotonically with q, it is clear that the observed peak energies do not continue to rise in the nuclear zone, but 'instead fall. This is hard to reconcile with the theoretical picture presented above.
The solid curve shown in figure 2 is the dispersion expected for a broken symmetry Heisenberg antiferromagnet (HAFM) with a fictitious anisotropy intro- duced to simulate the 3-D renormalized Haldane gap of 0.22 THz at (1/2, 1/2, 1) and a maxiinum of 1.46 THz at (1/2, 1/2, 1.5). Although this model is not applicable, because of the small real anisotropy and the known triplet character of the Haldane mocle, it is nonetheless interesting to note that the predicted frequencies are in substantial agreement with experiment. To reconcile this result with the VBS model would require a surprisingly large spectral weight in the continuum at frequencies above WQ. Our results cannot determine whether the frequency tends to A or 2A as Q --+ 2a.
We are left with two unresolved issues. One is the measured peak widths (more than insbrumental resolution) in the region where theoreticall:? the elementary magnon should be sharp. The other ki the unexpected downturn in frequencies. It is possible that additional (e.g. 3-D) interactions present in CsNiCL3 are responsible for such deviations.
